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ers).	Applying	DEA	with	 constant	and	variable	 returns	 to	 scale,	we	 find	 that	 the	optimal	 team	size	
varies	between	10	and	16	RTG	students	in	the	humanities	and	social	sciences.	In	contrast,	our	empir-




















PhD	education	 is	being	 reformed	 in	many	countries	 (see	Powell	 and	Green	2007;	Sadlak	2004),	 in-
creasingly	 turning	 away	 from	 an	 individual	 student-supervisor	 relationship	 and	 toward	 structured	
programs.	Until	now,	only	very	few	studies	have	analyzed	the	determinants	of	PhD	program	perfor-
mance.	Regarding	program	performance	in	terms	of	PhD	completion,	Pull,	Pferdmenges	and	Backes-
Gellner	 (2016)	 study	 the	 effect	 of	 group	 composition	with	 respect	 to	 the	 diversity	 of	 the	 fields	 of	
study	and	cultural	backgrounds	of	PhD	students.	Regarding	program	performance	in	terms	of	publi-
cation	output,	Bedeian	et	al.	(2010)	analyze	the	effect	of	a	program’s	prestige	on	researchers’	 later	
publication	success,	and	Breuninger,	Pull	and	Pferdmenges	 (2012)	study	 the	 link	between	PhD	stu-










grams	without	 further	analyzing	 the	differences.	Also,	 to	 the	best	of	our	knowledge,	 it	has	not	yet	




out	 saying	 that	 these	 two	disciplinary	 areas	 cannot	 capture	 the	 complexity	 of	 disciplinary	 fields	 in	
academia	and	that	the	sub-disciplines	within	the	areas	remain	rather	diverse.	However,	as,	e.g.,	Pull,	





tween	the	size	of	a	PhD	program	and	 its	performance	 is	hump	shaped.	That	 is,	we	argue	that	pro-
gram	 performance	 first	 increases	with	 size	 until	 an	 internal	 optimum	 has	 been	 reached	 and	 then	
decreases	with	size.	In	light	of	the	many	differences	between	the	natural	and	life	sciences	on	the	one	
hand	 and	 the	 humanities	 and	 social	 sciences	 on	 the	 other,	 we	 further	 explore	whether	 there	 are	
differences	in	the	optimal	program	sizes	of	the	two	disciplinary	areas.		
For	our	empirical	analysis,	we	hand-collected	data	from	the	reports	of	86	Research	Training	Groups	
(RTGs)	 funded	by	 the	German	Research	Foundation	 (DFG).	We	use	 the	number	of	completed	PhDs	









stant	 and	 variable	 returns	 to	 scale,	 our	 empirical	 results	 suggest	 that	 the	optimal	 team	 size	 varies	
between	approximately	 10	 and	16	 students	 in	 the	humanities	 and	 social	 sciences.	 In	 contrast,	 our	
empirical	analysis	does	not	uncover	a	systematic	relation	between	size	and	performance	for	RTGs	in	
the	 natural	 and	 life	 sciences	 –	 one	 potential	 explanation	 being	 that	 the	 long-standing	 tradition	 of	
























Brandt	 and	 Schubert	 (2013)	 find	 a	 negative	 relation	 between	 group	 size	 and	 publication	 perfor-
mance.	 In	 contrast,	 Kyvik	 (1995),	 Cohen	 (1981),	 Johnes	 and	 Johnes	 (1995),	 Bonaccorsi	 and	 Daraio	
(2005),	Ahn,	Dyckhoff	and	Gilles	(2007)	and	Dyckhoff,	Rassenhövel	and	Sandfort	(2009)	find	no	signif-
icant	relation	between	size	and	publication	performance.4	Lastly,	Albers	(2015)	finds	a	positive	rela-
tion	 between	 size	 and	 publication	 performance,	 and	 Cohn,	 Rhine	 and	 Santos	 (1989),	 De	 Groot,	
McMahon	 and	 Volkwein	 (1991),	 Laband	 and	 Lentz	 (2003),	 as	 well	 as	 Lloyd,	Morgan	 and	Williams	
(1993)	who	also	include	teaching	outcomes,	do	likewise	find	a	positive	link	between	size	and	perfor-
mance.		














acterized	 by	 distinct	 collaborative	 practices.	 In	 our	 paper,	 we	 follow	 Snow	 (1964)	 and	 his	 famous	




humanities	 and	 social	 sciences,	 there	 is	 a	 plurality	 of	 theoretical	 and	methodical	 approaches	 (see	
Wanner,	 Lewis	and	Gregorio	1981:	249),	 the	natural	 sciences	 in	particular	are	often	dominated	by	
one	central	research	paradigm	and	hence	less	open	to	different	methodologies	and	competing	theo-
retical	explanations	(see	Nuijten	2011;	Biglan	1973).	Further,	knowledge	in	the	humanities	and	social	
sciences	 is	codified	to	a	 lower	degree	than	knowledge	 in	the	Natural	Sciences	 (see	Audretsch,	Leh-
mann	and	Warning	2004),	and	as	a	 result,	 implicit	and	tacit	knowledge	 is	more	 important.	 In	addi-
tion,	 graduate	education	 in	 the	humanities	 and	 social	 sciences	 is	 broader	 and	 less	 specialized	 (see	
Audretsch,	 Lehmann	 and	Warning	 2004;	 Hagstrom	 1964),	 and	 research	 projects	 are	 less	 narrowly	
defined	(see	Hagstrom	1964).	Moreover,	research	projects	in	the	humanities	and	social	sciences	are	
often	culture	specific	and	follow	a	more	“interpretative	approach”	to	research	(see	Stanford	Univer-
sity	 2014).	 Further,	 in	 the	 humanities	 and	 social	 sciences,	 PhD	 students	 cannot	 rely	 on	 a	 quasi-
universal	 language	(such	as	“mathematics”).	Lastly	and	most	importantly	for	our	research	question,	
task	 interdependence	 in	 the	 two	disciplinary	 areas	differs	 distinctively.	Unlike	 PhD	 students	 in	 the	
humanities	and	social	sciences,	PhD	students	in	the	natural	and	life	sciences	often	rely	on	the	coop-
erativeness	of	others	 in	their	research	(see	Warning,	2004;	Knorr-Cetina,	1992),	rendering	coopera-





source	requirements	are	 lower	 (see	Stephan	1996;	Wanner,	Lewis	and	Gregorio	1981).	 In	contrast,	
research	projects	in	the	natural	and	life	sciences	often	require	high	computational	capacity	to	under-
take	extensive	simulations	and	complex	laboratory	experiments.	As	a	result,	scientists	in	the	natural	







life	 sciences.	 Counting	 all	 types	 of	 publication	 outputs	 (monographs,	 editorships,	 journal	 articles,	
chapters	 in	 edited	 books,	 conference	 proceedings,	 discussion	 papers,	 published	 abstracts,	 and	 re-
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lowships	 to	RTG	students	as	well	as	 funds	 for	 travel	expenses	and	equipment.	Until	March	2003,	a	
grant	consisted	of	an	 initial	 funding	 for	a	period	of	 three	years	 that	could	be	renewed	twice.	Since	
April	2003,	a	grant	consists	of	a	funding	for	4.5	years	that	can	be	renewed	only	once.		
Our	 data	 were	 collected	manually	 from	 the	 RTG	 reports	 within	 a	multi-year	 project	 in	 which	 the	
German	Research	Foundation	temporally	granted	us	access	to	their	files.	Our	hand-collected	data	set	
comprises	 information	on	86	RTGs5	–	 28	 from	 the	humanities	 and	 social	 sciences	 and	58	 from	 the	
natural	and	life	sciences	–	with	2,086	PhD	students	and	postdoctoral	researchers	in	total,	represent-
ing	a	 full	 sample	of	all	RTGs	 from	the	humanities	and	social	 sciences	and	 from	the	natural	and	 life	
sciences	funded	by	the	German	Research	Foundation	that	were	 in	their	second	funding	period	and	
had	submitted	an	application	 for	a	 third	 funding	period	between	October	2004	and	October	2006.	
The	sub-disciplines	in	our	data	set	are	quite	diverse,	comprising	crystallography	as	well	as	ethnology	
and	paleontology	as	well	as	immunology.		











tive	 to	 fully	 report	 their	performance	data	because	 this	would	 clearly	 increase	 their	 chances	 to	be	
funded	 in	 the	 third	 funding	 period.	 Further,	we	 did	 not	 include	 RTGs	 that	 reported	 on	 their	 third	
funding	period	because	these	final	reports	apparently	often	contain	incomplete	information	on	RTG	
performance.	Likewise,	we	did	not	include	RTGs	that	completed	only	one	or	two	funding	periods	and	










absolute)	 efficiency	 of	 decision-making	 units	 (or	 DMUs),	 in	 our	 case,	 PhD	 programs.	 It	 does	 so	 by	
comparing	their	inputs	and	outputs	without	imposing	any	prices	or	weights.	DMUs	for	which	none	of	





by	assuming	research	group-specific	weighting	 factors	 in	 the	most	 favorable	way	for	each	research	
group.	This	advantage	of	DEA	opened	up	a	wide	field	of	applications	in	higher	education	(see	Warn-
ing	2007:	175ff.	for	an	overview).	However,	most	of	the	analyses	undertaken	so	far	are	at	the	univer-
sity	 level	 (see	e.g.,	Abbott	 and	Doucouliagos	2003,	Athanassopoulus	 and	 Shale	1997,	 Fandel	 2007,	
McMillan	and	Datta	1998,	Nazarko	and	Saparauskas	2014,	Ng	and	Li	2000	and	Warning	2004).	Some	
are	 at	 the	 level	 of	 departments	 or	 smaller	 research	 groups	 (Groot	 and	 Garcìa-Valderrama	 2006,	
Korhonen,	 Tainio	 and	Wallenius	 2001).	 Clermont,	 Dirksen	 and	 Dyckhoff	 (2015),	 Dyckhoff,	 Rassen-
hövel	and	Sandfort	(2009)	and	Dyckhoff	et	al.	(2013)	use	DEA	to	assess	the	relative	efficiency	of	Busi-
ness	 Schools.	 Concerning	PhD	education,	we	are	 aware	of	only	one	 study	using	DEA,	 the	 study	by	
Unger,	 Pull	 and	 Backes-Gellner	 (2010).	 Unger,	 Pull	 and	 Backes-Gellner	 (2010)	 distinguish	 between	
different	disciplinary	fields,	but	they	do	not	analyze	potential	size	effects.	Dyckhoff,	Rassenhövel	and	





Backes-Gellner	 2010	 for	 an	 analogous	 procedure).	 The	 number	 of	 completed	 PhDs	 is	 an	 obvious	
measure	of	RTG	output,	and	the	number	of	RTG	students	publications	is	added	to	account	for	RTGs	





cations:	monographs,	 editorships,	 journal	 articles,	 book	 sections	 in	 edited	 books,	 conference	 pro-
ceedings,	 discussion	 papers,	 published	 abstracts,	 and	 reviews.	 In	 light	 of	 the	 fact	 that	 publication	
patterns	also	vary	among	 sub-disciplines,	we	 refrained	 from	 imposing	any	quality	weighting	of	 the	
different	publication	outputs	because	in	some	sub-disciplines	conference,	proceedings	might	be	re-
garded	as	a	very	 important	 research	output	whereas	 in	others,	 they	might	be	 regarded	only	as	an	
intermediate	output.	Likewise,	in	some	sub-disciplines,	monographs	and	book	sections	might	be	im-
portant,	 whereas	 in	 others,	 only	 journal	 publications	 or	 even	 only	 publications	 in	 certain	 journals	
might	 be	 regarded	 as	 countable	 outputs.	 In	 addition,	 we	 refrained	 from	 quality	 adjusting	 journal	
article	publications	because	we	are	not	aware	of	any	established	and	comprehensive	ranking	of	jour-
nals	 across	 (sub-)disciplines.	Given	 varying	 citation	patterns,	 impact	 factor-based	weightings	might	
also	be	considered	problematic.	What	we	did	is	adjust	publication	outputs	according	to	the	number	










of	 doctoral	 degrees	 are	 proportional	 to	 the	 number	 of	 young	 scientists	 and	 (b)	 average	 costs	 are	




is	 locally	 technically	 efficient	 but	 not	 globally	 technically	 efficient	 (see	 Cooper,	 Seiford	 and	 Tone	
2006:	140).	Whether	an	RTG	operates	at	optimal	size	or	can	 increase	 its	efficiency	by	 increasing	or	
decreasing	its	size	can	be	determined	by	calculating	its	scale	efficiency.	Scale	efficiency	is	defined	as	







	 Min	 Max	 Mean	 Std.	dev.	
No.	of	PhD	positions	 6.17	 23.93	 13.68	 4.21	
No.	of	postdoctoral	positions	 0	 2.75	 0.88	 0.78	
No.	of	publications	per	year	 2.18	 38.12	 14.36	 8.13	




	 Min	 Max	 Mean	 Std.	dev.	
No.	of	PhD	positions	 4.86	 42.62	 16.01	 7.63	
No.	of	postdoctoral	positions	 0	 6.73	 1.20	 1.33	
No.	of	publications	per	year	 0.19	 28.17	 7.15	 5.52	





sciences	 –	 potentially	 reflecting	 the	 latter’s	 stronger	 tradition	 of	 publication-based	 PhDs.	 Figure	 1	
plots	the	realized	outputs	at	RTG	level	separately	for	the	humanities	and	social	sciences	(Panel	a)	and	
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by	a	non-optimal	 size	of	 an	RTG,	 inefficiencies	 in	 the	BCC	model	 are	 caused	only	by	 inefficient	 re-














































them	draws	 its	 efficiency	particularly	 from	 its	 publication	 activities,	 a	 second	 is	 the	 frontrunner	 in	
PhD	 completion,	 and	 two	RTGs	 are	 successful	 in	 both	output	 dimensions.	 The	number	of	 efficient	
units	and	the	 low	average	efficiency	of	all	RTGs	 in	the	natural	and	 life	sciences	 (61.67%)	 indicate	a	
considerable	potential	 for	efficiency	 increases.	Compared	 to	 the	CCR	model,	 the	 calculation	of	 the	
BCC	model	increases	the	number	of	efficient	RTGs	from	four	to	nine,	and	the	average	efficiency	value	




































Mean	scale	efficiency		 	 0.9496	 	
Source:	Own	data.	
Figure	3	shows	the	relation	between	scale	efficiency	and	RTG	size,	again	visualized	as	the	sum	of	PhD	









































articles.	 Again,	 in	 both	 additional	 analyses	we	 find	 that	 in	 the	 humanities	 and	 social	 sciences	 only	













dogeneity	 problem,	 as	we	 only	 observe	 data	 for	 RTGs	 that	 have	 been	 funded	 by	 the	German	 Re-
search	Foundation.	Assuming	 informed	 funding	decisions,	only	 those	RTGs	 that	operate	at	 (nearly)	
optimal	 size	will	 ultimately	 be	 funded	 and	 hence	 included	 in	 our	 sample.	 Hence,	 the	 fact	 that	we	
observe	hardly	any	RTGs	in	the	natural	and	life	sciences	that	operate	at	a	sub-	or	above-optimal	size	




ences?	 The	 argument	 could	 run	 as	 follows:	 In	 the	 natural	 and	 life	 sciences,	with	 its	 long-standing	
tradition	of	working	in	teams,	the	information	base	on	the	optimal	group	size,	was	–	at	the	time	our	




























suffer	 from	 a	 selection	 and	 self-selection	 bias.	 This	 bias	will	 arguably	 be	 stronger	when	 reviewers	
possess	better	information,	leading	to	only	very	strong	applications	with	a	good	understanding	of	the	
optimal	group	size	being	positively	evaluated	and	ultimately	 funded.	 In	addition,	 this	will	be	antici-
pated	by	potential	applicants,	 leading	to	only	those	applications	that	have	a	good	understanding	of	
the	optimal	group	size	being	sent	out	 in	the	first	place.	 In	 light	of	our	results,	we	argue	that	 in	the	
natural	and	 life	sciences,	with	 its	 long-standing	tradition	of	working	 in	teams,	the	 information	base	
on	the	optimal	group	size	is	presumably	much	better	than	that	in	the	humanities	and	social	sciences	
for	both	applicants	and	reviewers.	Hence,	in	the	natural	and	life	sciences,	we	might	not	observe	RTGs	
that	 survived	 the	 review	 process	 and	 operated	 at	 a	 sub-optimal	 or	 above-optimal	 size	 since	 re-
searchers	in	the	field	have	information	on	the	optimal	size	of	a	research	group	and	how	it	varies	un-
der	specific	conditions.	In	contrast,	in	the	humanities	and	social	sciences,	where	working	in	groups	of	








were	not	 in	 the	 time	 from	which	our	data	come.	 It	would	be	 interesting	 to	 see	whether	 today	we	
















er	 process	 should	 be	 constructed	 as	 a	 learning	 system	where	 information	 on	 the	 relative	 perfor-
mance	of	differently	sized	RTGs	is	reflected	and	then	fed	back	to	the	scientific	community.	





small	data	base	–	disaggregate	our	data	 to	 the	 level	of	 sub-disciplines.	 In	 light	of	 the	 fact	 that	 the	
broad	disciplinary	areas	are	still	rather	diverse,	a	more	disaggregate	look	at	the	data	may	be	needed.	
Further,	 the	 method	 we	 applied	 (DEA)	 is,	 not	 undisputed.	 Although	 DEA	 has	 certain	 distinct	 ad-
vantages	 that	 explain	 its	widespread	 use,	 including	 in	 analyses	 of	 higher	 education,	 it	 also	 has	 its	
disadvantage,	for	instance,	as	discussed	by	Albers	(2015).	Further,	we	regard	RTGs	as	research	enti-
ties	not	knowing	whether	there	are	potentially	alternatively	funded	researchers	that	are	also	part	of	
the	 research	 group	 and	 thus	 effectively	 increase	 the	 group	 size.	 Unfortunately,	 there	 are	 no	 such	
data,	and	we	hence	cannot	account	for	this	in	our	analysis.	Last	but	not	least,	it	should	be	mentioned	
that	the	outputs	we	regard	(PhD	completion	rates	and	publications)	are	not	quality	adjusted;	that	is,	
we	 count	 the	number	of	 completed	PhDs	without	assessing	 the	quality	of	 the	work	 that	has	been	
done,	and	we	count	the	number	of	publications	without	a	quality	assessment.	Although	it	might	be	
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